The purpose of this study is to evaluate alternatives for the improvement and utilization of these stands by ranchers. In other studies, either published or in progress, we have reported on why these invasion stands exist and how to prevent their occurrence. This study concerns the ranch manager's options given the existing woodlands. The study was designed for westernjuniper woodlands that are owned by ranchers who are interested in enhancing forage production for livestock. Because of the power units available and the biological conditions of the stands, we did not consider chaining as a treatment. Within these constraints, the treatments evalu- The mechanical clearing was done by the ranchers using a 90 drawbar horsepower bulldozer equipped with logging canopy. We specify drawbar horsepower because modern small tractors have as much power as 10-year-old much larger machines at the same popular designation. The trees were bunched for burning and, after initial burning, the remaining piles were rebunched for more complete burning. A rectangular piece of woodland 4 ha (10 acres) in area was mechanically cleared.
ated were designed with the equipment and capital available to ranchers. Although we are dealing with western juniper,which primarily inhabits northeastern California, eastern Oregon, and southwestern Idaho, the principles involved apply, within environmental limitation, to all pinyon (Pinus) (sp)/juniper woodlands.
Methods and Materials
The study area was located on Juniper Hill near Adin, in western Lassen County, California. The soils, climate, and history of juniper woodlands on the hill are given by Young and Evans (1981) .
The study site consisted of approximately 32 ha (80 acres) of relatively uniform woodland. The average density of trees was 150/ha (60/acre); average height was 9.2 m (30 ft), and 0.5 m (20 inches) in diameter at the soil level.
We evaluated four methods for the improvement of this woodland: (a) mechanical clearing and burning in preparation for seeding, (b) control of the trees with the herbicide picloram (4-amino-3,5,6-trichloropicolinic acid), (c) control of the trees with picloram followed by sufficient limbing to allow seeding, and (d) harvest of the trees for fuel wood followed by slash disposal in preparation for seeding.
The mechanical clearing was done by the ranchers using a 90 drawbar horsepower bulldozer equipped with logging canopy. We specify drawbar horsepower because modern small tractors have as much power as 10-year-old much larger machines at the same popular designation. The trees were bunched for burning and, after initial burning, the remaining piles were rebunched for more complete burning. A rectangular piece of woodland 4 ha (10 acres) in area was mechanically cleared.
The picloram was applied to 0.1 ha (0.25 acre) circular plots by three methods: (a) dripline application, (b) broadcast under the tree, and (c) area broadcast. The rate of application was a constant 14 grams per m (0.5 oz per yard) of tree height of 10% a.i. granular herbicide. The 1979 cost of the herbicide and the cost used in this study was $4.14/kg ($1.88/lb). The plots were replicated four times.
The wood harvest plots were also 0.1 ha (0.25 acre) and repli- cated f'our times. A set of' f'our wood harvesting plots was cut in 1975 and the cutting was rcpeated on new plots in 1976. All trees were cut at the soil level. Tree heights were recorded. The tree stems and limbs down to a 7.5 cm (3-inch) diameter were cut into 0.6-m (2-f'oot) lcngths and stacked for cordwood measurements. The remaining slash was piled, allowed to dry for a year, and burned. For all treatments, detailed records of labor requirements and equipment usage were maintained f'or usc in the economic evaluations. ILabor was charged at $5/ hour for general skill level operations and $10/ hour f'or heavy equipment operations. These labor costs are based on what the rancher could sell his labor for in the local market.
The depreciation cost for equipmcnt used was calculated using straightline depreciation. Repair cost was calculated by the standard machinery f'ormula of' Reed and Herol (1978):
Repair cost hr = Purchase price X percent of purchase for total repairs in life
Hours of life
The percent of the purchase price allocated for repairs was 100% f'or the tractor, 50% for the wood-hauling truck, and 500% for the chain saw. The allocation for chain saw repairs may seem high, but is based on actual field experience.
Fuel consumption for the tractor was calculated from the Reed and Herol ( 1978) formula:
Fuel consumption in gallons; hr = 756/( maximum hp X .075
The diesel fuel price was $0.22/L ($0.85/gal) with a 16% surcharge added for lubricants and oil. The fuel consumption for the chain saw was derived from figures given by manufacturers: a 1.24-L (42 oz) fuel tank should give 25 minutes continuous cutting or about 60 minutcs actual working time. Depending on the brand of saw, the gas-to-oil ratio is 16:1 or 32: 1. With the cost of gas set at $0.26/ 1 ($1 /gallon), the cost of the fuel mixture would be $0.40 to $0.50; therefore we used the midvalue of $0.45/hour. The cost per hour for fuel, repairs, and depreciation for equipment in the treatments was calculated from the information given above (Table 1) .
Results
The cost of controlling western junipers ranged from $78/ha ($31/acre) for the use of picloram to $2,080/ha ($832/acre) for wood harvesting (Table 2 ). In considering these comparisons, one must remember that the treatments do not produce equal results. The proper application of picloram will kill the trees, but they will remain standing for many years. Usually, the density of trees prohibits the use of mechanical equipment to seed forage grasses in the environmental potential released by controlling the trees. The standing but dead trees are virtually fireproof and cannot be disposed of by burning. The herbicide and limb treatment was designed to either remove trees or cut the limbs from the trees so a rangeland drill could be towed among the dead trees for the seeding of forage species.
Both mechanical control and wood harvesting result in the complete removal of the trees. Wood harvesting leaves the stumps, whereas mechanical control extracts the stumps with the trees. With both of these treatments, the site is ready for weed control and seedbed preparation. However, the product of wood harvesting helps offset the cost of the treatment. We present the cost evaluation in relation to height classes of western juniper trees encountered in the treated woodlands. Costs per unit area were calculated by multiplying the average density of trees by the cost of treatment for a given height class. To arrive at a cost analysis, the land manager who wishes to apply the results of the study only needs to know the density and height distribution of the trees in the woodland to be treated. Subdividing the stand of trees by height classes is also useful in designing the most effective multiple treatments for a given woodland.
The average western juniper stand to which we applied treatments had 52% of the trees in the 6.1 to 9.1 m (20-to 30-foot) height class (midvalues, 6.9 and 8.4 m or 22.5 and 27.5 ft) (Fig. 1) . Only 2.4% of the trees in an average stand were shorter than 3 m( 10 feet). This stand structure reflects sites that were rapidly invaded by junipers during the 1890's and through 1910 and since have been fully stocked with minimum chances for establishment of new trees (Young and Evans 1981).
Picloram
Because the rate of herbicide was based on the tree height, there was a positive relationship between the cost of picloram treatments and tree height (Fig. 2) . However, this relationship was somewhat complicated by the inclusion of labor for applying the herbicide. It takes disproportionately longer to treat the dripline of large trees (Fig. 3) . Only 15.3 kg/ha (13.5 lb) were applied to an average acre of woodland; therefore, the additional cost of transporting the herbicide from the ranch headquarters to the site would be slight. With an 8-km (5-mile) hauling distance and the truck we used for hauling wood in the evaluation, the cost of transporting the herbicide would be less than $0.03/ha ($0.01/acre). We evaluated two other methods of applying picloram: under the tree and area broadcast. The efficiency of the tree control obtained with these three methods was equal in the specific stand treated (unpublished research, Agr. Res. Serv.-Reno, Nevada). The rate and, therefore, cost of herbicide was the same, but labor requirements differed (Table 3) In states where picloram is registered for control of western juniper on rangelands, the label specifies dripline treatment. The label also specifies 51 g of herbicide per m (2 oz per yard) of tree height, four times the rate used in this evaluation.
Picloram and Limb
The herbicide and application remain the same for the picloram and limb treatment, but costs for limbing, labor, chain saw fuel, repairs, depreciation, and slash disposal must be added. The high correlation between tree height and total cost remains (Fig. 4) , with 92% of the variability in cost being accounted for by tree height. The total cost jumps to $449 (Table 2) (Table 3) . Fifty hours/ ha (20 hours/ acre) additional labor above that required for herbicide application alone were required for limbing the trees. Limbing required 90% of the additional labor (Fig. 5) .
The quality of the seedbed left by the picloram and limb treatment was highly variable. The spots where the slash was burned provide an excellent competition-free seedbed with no evidence of water repellency by the burned soil. The undisturbed accumulation of litter left under the canopies of the standing, but dead trees creates a very poor seedbed for many years until the litter decays.
Mechanical Tree Removal
The variability in cost per tree (Fig. 6) . In mechanical clearing, stand density has a proportionately larger influence on cost because of the time required to move the tractor from tree to tree. The major portion, 43%, of the cost of mechanical clearing was in labor for tractor operation (Fig. 7) . Because of the skill level required, we valued this labor at $10/hour, double the cost of the general skill labor. Tractor fuel and repairs were other major contributors to the cost of mechanical clearing. Because of the large capital investment in the tractor, depreciation becomes a major cost at 15% of the total. Slash disposal was a relatively minor cost of mechanical clearing, amounting to 3% of the total.
Wood Harvest
Tree harvesting for fuel wood was a labor-intensive treatment and is expensive at $2,080/ha ($832/acre). The correlation between tree height and cost per tree remained high, with 97% of the cost variability accounted for by tree height (Fig. 8) . Labor accounted for 80% of the cost of this treatment (Fig. 9) . Tree falling, limbing, and bucking and piling slash accounted for the major part of the required labor. Tree harvesting leaves the stumps, but if the trees are cut at the soil surface, implements such as rangeland drills can be pulled over them. In contrast, mechanical clearing results in the tree rootballs being jerked from the ground. This results in holes that are too large for wheeled tractors to negotiate on 2% of the area, and 5% of the treated area is taken out of production by the piles of rootballs and trunk bases that will not burn.
Based on an average yield of 56 m3 of fuelwood per hectare (10 cords/acre), we harvested 442.5 million btu of energy from each hectare (I177 million btu/acre) ( Table 4) (4 cords) of pine to replace 6.72 m3 (3 cords) of juniper, but the labor requirements for cutting this wood would be reduced by two-thirds. No range improvement would result for the rancher's rangeland, but he would save money in energy costs. Mechanical control of junipers offers a capital-intensive alternative to labor or technologically intensive treatments. A new 90-hp bulldozer equipped track-layer tractor costs roughly $65,000. We based this evaluation on used equipment with a replacement cost of $50,000, but this is a large capital investment for generally capitalstarved ranchers. The cost of hiring a custom operatorto carry out the mechanical treatments would probably be double the estimates we have made for rancher-owned and operated equipment. There is a tendency for ranchers to substitute older, used equipment for new expensive tractors. This reduces the capital requirements, but sharply increases repair costs. For the mechanical tree control, it costs $0.39/ minute to operate the tractor; $0.07 or 18% of this cost is for repairs. The operation of track-layer equipment on rocky slopes leads to maintenance and repair costs that can rapidly multiply with older equipment.
In terms of fossil fuel cost per acre, mechanical clearing was $104/ha ($43/acre). The wood harvest used $83 of fossil fuel per hectare ($33/acre); picloram and limb treatment used $33/ha ($13/acre).
The high cost of piling slash for disposal is readily apparent in the picloram and limb, and wood harvest treatments. Obviously, broadcast disposal of slash would be much cheaper. Unfortunately, we have found that the slash interferes with subsequent drilling operations, but does not carry a fire that will burn hot enough to consume the larger limbs. In wood harvesting from these woodlands, only about 42% of the entire woody biomass is marketed.
The possibilities for integrating treatments became readily apparent, especially for the smaller trees in the woodlands. Trees 2.3 m (7.5 feet) high cost $2.01 to mechanically control, $0.21 to kill with herbicides, or $1.57 to control with the picloram and limb treatment. If mechanical control is used, it would be cheaper to spot treat the very small trees with picloram rather than push them over with the bulldozer.
It is worthwhile to again remind readers that not all the treatments produce equal results. The alternatives must be evaluated on the basis of their relative costs and the results they produce.
